Moving the National Soil Database for England and Wales (LandIS) towards INSPIRE Compliance by Keay, Caroline Agnes et al.
International Journal of Spatial Data Infrastructures Research, 2009, Vol. 4, 134-155 
 134
Moving the National Soil Database for England and 
Wales (LandIS) towards INSPIRE Compliance∗ 
 
Caroline A. Keay1a, Stephen H. Hallett1b, Timothy S. Farewell1c,  
Andrew P. Rayner1d, Robert J.A. Jones1e  
1 National Soil Resources Institute, Cranfield University, Cranfield, UK  
a c.keay@cranfield.ac.uk, b s.hallett@cranfield.ac.uk,  
c t.s.farewell@cranfield.ac.uk, d a.p.rayner@cranfield.ac.uk,  
e r.jones@cranfield.ac.uk 
 
Abstract 
 
Established and developed over the last 30 years, the Land Information System 
(LandIS) holds significant national soil-environmental datasets collected primarily 
by the Soil Survey of England and Wales between 1939 and 1987, and latterly by 
the National Soil Resources Institute (NSRI) at Cranfield University. LandIS data 
are in widespread use through systems of architecture designed to facilitate 
access across a range of contemporary applications including: environmental 
impact assessment; land suitability and evaluation; natural resource inventory; 
area-based risk and geo-hazard assessments; and characterisation of ecosystem 
goods and services. For users of LandIS information working on these themes, 
access to the data is made available through readily-accessible web-based 
services and applications, dataset provision and fully-functional bespoke 
applications. The INSPIRE Directive sets out to address the availability, quality, 
organisation, accessibility, interoperability and sharing of spatial information 
across a large number of policy and information themes, for all levels of public 
authority within the Community through the adoption of common standards. 
Annex III of INSPIRE refers directly to the theme of soil, typified by the 
information resources held in LandIS. With NSRI a registered soil Spatial Data 
Infrastructure for England and Wales, this paper examines how LandIS 
information could be made further compliant with the principles and requirements 
of INSPIRE. 
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1. INTRODUCTION 
 
1.1 Systematic Soil Survey in England and Wales 
 
Soil information was collected systematically in England and Wales from the early 
1930s until the mid 1980s. Field soil surveys were conducted at a variety of 
scales (1:10,000 to 1:63,360), but the first National Soil Map was completed only 
in 1984 and published at a scale of 1:250,000. The purposes for which 
information on soils have been applied has changed significantly over the past 3 
decades. Until the 1980s, soil was considered primarily as the support system for 
productive agriculture. Efforts in most European countries after 1945 were 
focussed on repairing the agricultural infrastructure and increasing production to 
ensure the security of national food supplies. This policy was applied vigorously 
in the UK as severe food shortages and tenuous supply lines had put the public 
in peril during World War II. Therefore, much of the UK’s soil research activity 
before 1980 was directed at stimulating agricultural production and, in response, 
the government expanded soil survey activities and supported a range of other 
agricultural research activities.  
 
1.2 Official recognition of the importance of soil  
 
By 1980, sufficient soil data had been collected across England and Wales to 
warrant the development of computer-based systems for storage, management 
and retrieval of information. This led to the development of LandIS - the Land 
Information System (Proctor et al., 1998). At the same time, large surpluses of 
cereals, meat, wine, fruit and vegetables had accumulated in Europe under the 
Common Agricultural Policy and storing these products was proving to be very 
expensive. Furthermore, the capability of soil to perform many functions for 
society other than food production was recognised (Blum, 1993; 2005; De Groot, 
2002). However, concerns were then emerging concerning the impact intensive 
farming methods were having on the environment, particularly with increased 
diffuse pollution from the excessive use of fertilisers, pesticides and herbicides as 
well as structural damage to land caused by increased use of heavy agricultural 
machinery. 
 
Attention therefore began to focus on environmental issues during the latter part 
of the 1980s, throughout the 1990s and continues with initiatives to protect soil in 
the 21st Century (Jones, 2008). The First Soil Action Plan for England: 2004-
2006, produced by the UK Department of Environment, Food and Rural Affairs 
(Defra), recognised soil officially as a fundamental and irreplaceable natural 
resource acting as a provider of six core ‘functions’: as a growing medium for 
food, fibre, timber and other crops; as the platform for built structures; as a filter 
and buffer for chemicals that pollute and contaminate the environment; as a 
framework to protect and contextualise cultural heritage; and as a container of an 
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essential component of our biodiversity and support for ecosystems (Defra, 
2004). The UK Environment Agency (EA, 2004) also concluded that there was a 
pressing need to extend access to good quality information on soils in order to 
underpin effective environmental policies and programmes. This report echoed 
the recognition of the six soil functions, noting how an understanding of the range 
of ecosystem goods and services was crucial to good soil management. More 
recent policy developments have focussed upon placing value on these 
ecosystem goods and services, bringing together land, water, air, soil and 
biodiversity within the policy framework (Defra, 2007).  
 
This shift in the uses and applications for soils information has necessitated 
changes to be made reflecting the means by which the information has been 
made available. Moreover, the publication of the EU ‘Thematic Strategy for Soil 
Protection Communication’ (COM(2006) 231) adopted in September, 2006 (EC, 
2006a), has set a 10-year framework to accord soil the same level of protection 
afforded currently to water and air, and identifies measures that need to be taken 
to ensure that this can occur. The proposed Soil Framework Directive (SFD) 
(COM(2006) 232) identifies common principles for protecting EU soils (EC, 
2006b), allowing Member States to decide how best to protect and use soil in a 
sustainable way. 
 
2 LANDIS – THE NATIONAL SOIL DATABASE FOR ENGLAND AND 
WALES 
 
2.1 Soil Information in England and Wales 
 
LandIS holds information predominantly concerning soil, but includes also 
associated climatic, topographic and land use data. The earliest modern soil 
maps published by the then Soil Survey for England and Wales (SSEW) were at 
1:63,360 scale. In the 1970’s, an extensive mapping programme at 1:25,000 
scale was instigated whereby 112 10km x 10km areas scattered throughout 
England and Wales were mapped in considerable detail. 
 
In the late 1970s the need for full national coverage of soil types at some scale 
was becoming urgent. In response, a reconnaissance soil survey, with field 
investigation at 1:25,000 scale, was undertaken between 1979 and 1983, leading 
to publication of a National Soil Map (NATMAP) at 1:250,000 scale (Mackney et 
al., 1983; Soil Survey Staff, 1983). During the National Map field survey 
programme, SSEW also embarked on a National Soil Inventory (NSI) on a 5 km x 
5 km grid (McGrath and Loveland, 1992). For this survey a profile pit was 
excavated at each intersection of the 5km grid across England and Wales. 
Bulked soil samples were taken from 25 individual topsoil samplings which were 
sent for laboratory analysis to test for a range of elements (op cit, 1992). The NSI 
grid survey is an inventory that represents the first stage of a Soil Monitoring 
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Network. The sites are geo-referenced precisely, the sampling undertaken 
systematically, and laboratory analysis standardised, such that the locations can 
be revisited in future to provide an indication of how soil properties in the UK 
change over time. The soil series is recorded for each site allowing 
interoperability with other LandIS data. A re-sampling programme was instigated 
between 1995 and 1997 during which the topsoil from selected sites was re-
analysed. In this respect, the NSI conforms to the requirements of a European 
Soil Monitoring Network (Arrouays et al., 2008) and the data can also be used to 
investigate the impact of various threats to soil (Huber et al., 2008) that have 
been identified in the EU Thematic Strategy for Soil Protection (EC, 2002). 
 
The soil classification system used to identify the different soils in England and 
Wales continued to develop throughout the field mapping programmes (Avery, 
1980; Clayden & Hollis, 1984), the basic unit of classification being the soil series 
(Hollis and Avery, 1997). The system is hierarchical in nature with 10 major soil 
groups, 43 groups and 126 subgroups accommodating 712 soil series. 
 
2.2 Soil Information from the Rest of the World 
 
The National Soil Resources Institute (NSRI) holds not only the soil survey 
archive of England and Wales but also a significant collection of soil maps and 
reports from around the world. The mission of the World Soil Survey Archive and 
Catalogue (WOSSAC) is “to provide a secure home for soil survey reports, maps, 
imagery and photographs produced by British companies and surveyors 
overseas over the last 80 years in 250 territories, with a view to ensuring their 
enduring availability and protection” (Hallett et al, 2006). Furthermore, important 
links have also been established between WOSSAC and other international soils 
archives held by ISRIC Wageningen (ISRIC, 2009), the Joint Research Centre, 
Ispra, Italy (JRC, 2009), and IRD France (IRD, 2009). This highlights the need to 
develop interoperability of collection and item-level information. 
 
2.3 How LandIS is Currently Used  
 
In recent years there has been a continuous increase in the use of soil data by a 
diverse range of clients requiring ease of access to appropriate and 
understandable interpretations of the data, particularly spatial representations. 
Soil is a highly variable and complex natural medium and this is reflected to some 
degree in the multi-layered complexity of soil data. Further to this, soils 
information can be represented in map form at a range of different scales. Maps 
at small-scales tend to present mapping units portraying soil associations, or 
groupings of soils in the landscapes, whereas larger-scale more detailed maps 
can identify boundaries of specific soil series or types. 
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Further to this, since soil maps were created as categorical soil class maps 
difficulties arise in translating these classes to soil property maps which can be 
continuous. Although not all issues have been overcome, significant progress has 
been made to enable effective use of appropriate soil data by non-specialists, 
this being an important requirement at both European and national levels. The 
following case-studies offer examples of services provided by NSRI to a varied 
user community. These exemplify applications that could be developed as future 
network services within a wider European Spatial Data Infrastructure. 
 
The Soilscapes Viewer is a free online web based mapping application aimed at 
providing the general public with a greater understanding of soil, soil properties 
and how they vary across England and Wales (NSRI, 2009a). While the full 
National Soil Map has approximately 300 map units, this viewer uses a simplified 
soils dataset containing only 27 units. These units characterise soil in a clear and 
comprehensible manner, suitable for a wide range of users. The user-friendly, 
rich media-based interface offers a clear and intuitive access mechanism. The 
Soilscapes Viewer has become an established, well-tested resource, used by 
both the general public and many levels of government as a means of accessing 
simplified soils data for a given area. 
 
The Soil Site Reporter (NSRI, 2009b) provides more detailed information on the 
soils surrounding a particular site or within a given area allowing users to create 
and download a comprehensive soil report for any site in England and Wales 
within minutes. While the system utilises a similar interface to the Soilscapes 
Viewer to allow the user to select a site, the information provided is significantly 
more detailed. The system produces a 50-plus page report which shows the 
1:250,000 scale national soil map units for the area as well as a number of 
interpretations of the soil map. These include themes such as subsidence, 
flooding, and pesticide leaching and runoff as well as more general soil attributes 
such as texture and hydrological properties. In addition, the report details the soil 
associations that appear on the map as well as providing schematic diagrams of 
the soil series they comprise. Background levels of a wide range of chemical 
elements in topsoil from the NSI survey are also provided. 
 
Driven by the demands of the Water Framework Directive (Directive 2000/60/EC) 
and the WHO Guidelines for Drinking-water Quality (WHO, 2008), the 
Catchment Information System (CatchIS) offers a sophisticated model-based 
tool designed initially for water companies, but now also used by government 
departments (Breach et al, 1994; Hollis et al, 1995). CatchIS provides a 
management decision support system for investigating the impact of diffuse 
agricultural contaminants such as pesticides and nitrates on surface and 
groundwater resources. The approaches adopted in the CatchIS system are 
applicable equally to other areas of Europe, although the availability of 
appropriate thematic data across Europe may prove a limiting factor. 
International Journal of Spatial Data Infrastructures Research, 2009, Vol. 4, 134-155 
 139
CatchIS is built on ESRI’s ArcGIS platform and is not currently web-based. It 
encapsulates soil, topographical and climatic data with additional datasets 
supplied by the user. The program integrates soil and other environmental data 
with validated risk assessment models. The models are designed to cope with 
both spatial geographic data and the semantic data describing the soil profile and 
pesticides. The user can investigate the effects of different management 
scenarios and thus develop the most appropriate measures to avoid damaging 
water quality (Hallett et al., 1996). 
 
The Natural Perils Directory (NPD) offers an example of a Use-Case scenario 
for soil data in Europe (Jones et al, 1995). The NPD consists of a series of pedo-
climatic geohazard interpretations of the National Soil Map used for predicting 
ground movement and flood extent vulnerability. Different climatic scenarios allow 
users from the UK finance sector to set insurance ratings and future threats from 
climate change. The NPD is georeferenced by Royal Mail Postcodes. 
 
3 INSPIRE REQUIREMENTS 
 
There is today a growing movement within Europe and worldwide to create 
environmentally-focussed spatial data infrastructures such that data and 
metadata outputs can be interchanged and compared easily, both nationally and 
internationally. Standardised procedures and mechanisms are being adopted for 
future legislation and the passing of Directive 2007/2/EC, Infrastructure for 
Spatial Information in the European Community (INSPIRE) (EC, 2007), is a 
significant step forward. 
 
INSPIRE is built on five key principles: 
 
• Data should be collected once and maintained at the level where this can 
be done most effectively; 
• It must be possible to combine seamlessly spatial data from different 
sources across the EC and share it between many users and 
applications; 
• It must be possible for spatial data collected at one level of government to 
be shared between all levels of government; 
• Spatial data needed for good governance should be available on 
conditions that are not restricting its extensive use; 
• It should be easy to discover which spatial data are available, to evaluate 
their fitness for purpose and to know which conditions apply for their use.  
 
The INSPIRE Directive Annex III explicitly addresses the concept of soil as an 
individual spatial data theme. Soil-related issues are also considered indirectly in 
International Journal of Spatial Data Infrastructures Research, 2009, Vol. 4, 134-155 
 140
several other themes including: Environmental Monitoring Facilities; Natural Risk 
Zones; Human Health and Safety and Protected Sites. 
 
The INSPIRE Directive defines five specific aspects which Member States should 
address, namely: metadata; interoperability of spatial data sets and services; 
network services; data-sharing and coordination and complementary measures 
(EC, 2007). An INSPIRE-compatible system must be discoverable across 
Europe. This means that when a potential user community, such as a 
government, public body or private individual, is interested in the soils of England 
and Wales then it should be able to locate and learn about the content of LandIS 
and the nature and quality of the datasets and services that are offered. The 
INSPIRE Directive aims to ensure that this would be possible by defining 
technical specifications for metadata (EC 2008). Such specifications define the 
origins and potential uses of the datasets and services falling under the scope of 
the Directive. INSPIRE also requires Member States to establish Discovery 
Services which can be accessed by the many portals being developed, and 
present the metadata to the user. 
 
Where appropriate, data harmonisation will allow diverse information to be 
combined in a coherent way such that it can be accessed in a seamless manner 
(for example, through Open Geospatial Consortium (OGC) compliant network 
services). This approach requires the development of technical standards at both 
the data level (i.e. pedological classification) and at the application level (i.e. 
Spatial Reference Systems and Legends). The development of a Generic 
Conceptual Model has been devised (INSPIRE, 2007b) which describes the 
aspects that need to be addressed to support the development of harmonised 
data specifications. 
 
One of the important implementations of GIS interoperability is in the creation of 
Spatial Data Infrastructure (SDI), defined by the Federal Geographic Data 
Committee (FGDC,2007) as “the technologies, policies, and people necessary to 
promote sharing of geospatial data throughout all levels of government, the 
private and non-profit sectors, and the academic community”. An SDI offers the 
means to bring together spatial data across a region and to provide these data to 
different types of users. An SDI should be disaggregated and structured using 
the themes the data represent (e.g. soil, cadastral, hydrographical, transportation, 
environment, geodetic) and with these data and metadata being managed by the 
most appropriate competent authority. INSPIRE intends to trigger the creation of 
a European Spatial Data Infrastructure. The European Commission and 
European Environment Agency (EEA) have a collaborative initiative to create a 
Shared Environmental Information System (SEIS) that will build on the INSPIRE 
backbone of interoperable spatial data but will enhance it by considering non-
spatial and non-numeric data plus other document forms in the overall system 
(EC, 2008b). 
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4 MOVING TOWARDS INSPIRE COMPLIANCE 
 
4.1 Semantic Challenges 
 
Defining common classification systems is a major step towards making soil 
property and mapping data seamless across Europe. Interpreted soil data, such 
as erosion risk maps, are required to guide decision-making by policy makers. 
These guides could be created from a European soil map, or alternatively 
through a process of harmonisation of more detailed national soil property maps. 
 
Each separate Member state map would need to be checked for cross-border 
issues and the definitions of each class / property specified using standard 
protocols. However, the interpretation of each Member state’s data would be in 
the hands of national soil experts and, therefore more likely to reflect the true 
state of national soil conditions. Figure 1 presents two potential paths by which 
such assessments can be made, one being to collate national datasets together 
before re-expression in an international system, such as the World Reference 
Base for soils (FAO-ISRIC-IUSS, 1998, 2006), the other to create harmonisation 
rulesets that allow integration of discrete national data resources without 
necessarily creating a new seamless (or permanent) dataset. The approach used 
to create Soil Property map 1 is essentially that used in the CORINE land cover 
map (EC, 1994) and the European Soil Map (ESB, 1998a), which may be the 
preferred method from the point of view of seamless data interoperability and 
ease of repurposing of source data. The pathways to create Soil property map 2 
can be seen as analogous to the ‘data stovepipes’ identified in Inspire (2008). 
 
Figure 1: Different Approaches to Interpreted Soil Information 
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As with many countries, the soil maps covering England and Wales use a 
national soil classification system developed to characterise those soils found 
within the country – soil conditions beyond the national boundary being 
unrepresented. To allow for consistent soil mapping across Europe, national soil 
classes were correlated using the FAO classification (FAO-UNESCO, 1974), to 
create the European Soil Map (EC, 1985) and Database (Heineke et al, 1998). 
These will ultimately be correlated to the latest World Reference Base (WRB) for 
Soil Resources, WRB2006 (FAO-ISRIC-IUSS, 2006). 
 
A programme to create a 1:250,000-scale georeferenced soil database for 
Europe has been proposed (ESB, 1998) and future development of such a 
database will be based on WRB2006. To achieve this, it will be necessary to 
translate the UK soil series into the Reference Groups and subgroups. This is not 
a trivial task. The UK classification, as with other national classification systems 
in use in Europe, combines the parent material, texture, drainage status, and 
mineralogy etc. to classify the soil whereas the WRB classification is based on 
diagnostic horizons and characteristics that are measureable and observable in 
the field for example: texture; colour and calcium carbonate content. Thus 
correlation between the classifications can be difficult. 
 
To correlate the soils data for England and Wales in a manner consistent with 
INSPIRE, it is necessary to return to the original reference profile descriptions for 
each soil series and to reclassify these to the WRB2006 standard. This must be 
based upon the available data; however, certain information relevant to WRB 
may not have been recorded. In these cases missing data may be derived from 
other recorded data, using pedo-transfer functions (PTFs) as a proxy. 
 
It is possible that some discrepancies will arise from the translation of soil series 
to WRB classes, however, a first translation of 1:250,000 scale National Soil Map 
associations have been attempted by NSRI. Figure 2 shows the distribution of 
soils in the UK at WRB Level 1. In other European countries similar projects will 
be required, and translation software is under development, where previous 
correlation of WRB1998 reference groups and subgroups (Grimm et al. 2001) is 
utilised as a guide. 
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Figure 2: Level 1 WRB Soil map of England and Wales 
 
 
 
In addition to harmonising map data, standardisation of the associated soil profile 
data is also an important goal. The recently-completed ENVASSO – 
Environmental Assessment of Soil for Monitoring - Project, funded under the EC 
FP6 research programme, has reviewed existing soil information systems and 
available soil data in EU-27 countries (Morvan et al., 2008), with the aim of 
proposing appropriate methods for monitoring the eight threats identified by the 
Soil Thematic Strategy (EC, 2002; EC, 2006b). These are erosion, organic matter 
decline, contamination, compaction, salinisation, soil biodiversity loss, sealing, 
landslides and flooding. 
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The ENVASSO project recommended the creation of a new standard data model 
(SoDa), designed to hold and store soil profile and associated analytical data  
(Baritz et al., 2008). The SoDa data model has been designed to hold not only 
the parameter data for profiles but also information on the classification system 
used for that parameter so data measured under different schemes can be held 
in a central system. For the profile data in LandIS the classification systems used 
for each parameter are defined in the Soil Survey Field Handbook (Hodgson, 
1997) and analytical methods are defined in Soil Survey Laboratory methods 
(Avery et al, 1974). Translation methods can then be defined to allow 
comparisons across the different parameter specifications. The data within the 
SoDa structure is encoded using extensible mark-up language (XML). A standard 
for soil data communication has yet to be agreed finally within the soil community 
and thus any data file must be accompanied by a definition file that specifies the 
XML namespaces, XML names, parameter names and parameter values. In 
order to allow compatibility of the different soil data collected under region-
specific interpretations and survey schedules a Manual of Procedures for a 
georeferenced soil database at 1:250,000 scale has been published by the 
European Soil Bureau (Finke et al, 1998, 1999a, 1999b). 
 
4.2 TECHNICAL CHALLENGES 
 
It is anticipated that data from LandIS will form a node for INSPIRE though the 
creation of a Soil Spatial Data Infrastructure (SSDI). Access to LandIS holdings 
would be by physical data provision or via a series of dedicated web-based 
applications (e.g. Soilscapes) and standalone GIS systems (e.g. CatchIS, 
SEISMIC). 
 
Service Oriented Architecture 
 
To realise an INSPIRE-compliant SSDI for LandIS, there is a need to develop a 
standards-based Spatial Data Infrastructure (SDI). This can be achieved through 
a move towards a Service-Oriented Architecture (SOA) implemented through the 
use of web services. The development and implementation of SOA principles is 
of significant benefit to the realisation of SDIs, particularly in their potential to aid 
data interoperability. 
 
The SOA approach also promotes leverage of existing legacy systems. This will 
benefit the creation of the SSDI given that LandIS already has many existing 
systems. The SSDI would be based around SOA standards and complemented 
by OGC standards in the case of geospatial specifications (e.g. Web Map Service 
(WMS), Web Feature Service (WFS) and Catalogue Service for the Web (CSW)). 
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Implementation of an SDI within a SOA requires the application of existing GIS 
technologies that can be used to implement the fundamental SDI processes (i.e. 
Publish, Find and Bind (Figure 3)). These essential interactions of a SOA form 
the base processes of the different levels of network services as prescribed by 
INSPIRE. The existing GIS technologies that are used to implement these 
processes must be aligned with INSPIRE in terms of standards and 
interoperability. 
Figure 3: Metadata Services Interaction 
 
 
 
INSPIRE Network Services 
 
Of the prescribed INSPIRE network services (Discovery, View, Download, 
Transform and Invoke), the Discovery, View and Download services will form the 
focus of activities in bringing INSPIRE compliance to LandIS. The transform 
service architecture is still under discussion within the INSPIRE Network Services 
Drafting Team. In the longer term, existing and future analytical and modelling 
applications are envisaged as Invoke network services, although initially these 
will be provided as advanced View services. E-commerce and geo-rights 
management services will be made available subsequently for relevant View and 
Download services. 
 
The components and protocols that will be used to implement these network 
services (WMS, WFS, CS-W, WCS, FE, GML, SVG etc) will all be open 
standards based (ISO, OGC, W3C). The transport methods to use are still under 
debate. Existing OGC Web Services (OWS) support HTTP/GET and POST as 
the messaging protocol and the ‘GetCapabilities’ operation to provide service 
Metadata. However, the World Wide Consortium suggests using the Simple 
Object Access Protocol (SOAP) as a messaging framework and the Web Service 
Definition Language (WSDL) to describe service metadata. 
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A series of open standards-based GIS and Web tools will be used to create the 
soil-thematic components of the network services. The existing LandIS view 
services described above have been developed using ESRI’s ArcIMS. The recent 
ArcGIS Server Portal Toolkit (ESRI, 2007) can be used to develop the INSPIRE-
compliant services. However, open-source alternatives such as the University of 
Minnesota (UMN) MapServer suite (UMN, 2008) will also be investigated for 
conformance in developing the GIS portion of the required components. 
 
Cross-border harmonisation 
England and Wales use a common soil classification that differs from that used in 
Scotland, necessitating cross-border correlation. Over the last few years, NSRI 
and the Macaulay Institute (responsible for the Scottish soil database) have 
expended much effort to ensure that soil types and map units along the shared 
border are aligned. Some re-arrangement of map units along the border has 
created accordingly a usable soil coverage for Great Britain. However, as this 
harmonisation comes at the cost of a minor loss of accuracy in the border region, 
the original soil maps still represent the preferred source providing the most 
appropriate national mapping respectively for Scotland or England and Wales. 
 
NSRI is also participating in a programme together with Teagasc in the Republic 
of Ireland to develop a new 1:250,000 soil map and georeferenced database over 
the next 5 years. This work is to be guided by the principles of INSPIRE and the 
work will involve significant fieldwork and the correlation of Irish soil series to 
WRB2006. The Ireland Soil Information System (ISIS) will consider the common 
border with Northern Ireland. The result will be a harmonised product related to 
spatial soil datasets for Great Britain and the rest of Europe. 
 
Projections 
All the data within LandIS is held and referenced in the Ordnance Survey’s British 
National Grid (coordinate system identifier: GB_OSGB36NATIONAL_GRID), the 
native map projection for the UK. Converting all national soil data to another 
standard may be preferable for optimising access efficiency and integration. For 
example, the European Soil Database (ESDB) uses the pan-European projection 
(Montanarella et al, 2005), Lambert Azimuthal projection 10-52. However as long 
as the national projection system is well defined and a standard transformation is 
recognised between it and the European projection then the actual data can 
remain in the national projection as the European portals should be able to 
convert between the two without difficulty. Converting the native projection to an 
international one would result in maps appearing misshapen to the eye of the 
local user.  (Annoni et al., 2003). 
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Metadata and Discovery services 
 
The main packages of data in LandIS made available for licence by the public are 
described in the ‘GIGateway’ (Rackham, 2004). This is a web-based service 
aimed at increasing awareness of and access to geographic information in the 
UK, run by the UK Association of Geographic Information (AGI) and which 
provides details of data content and access arrangements. For the purpose of 
INSPIRE the LandIS metadata will require conversion to the ISO19115 standard 
following the UK Gemini 2 standard (Walker, 2007). This Standard is being 
developed by the AGI. 
 
A new data structure has been designed to hold UK Gemini metadata with a few 
additional fields for the additional data types available in the WOSSAC archive 
which provides a catalogue to the maps and documents created by soil surveyors 
working around the world (Owonibi, 2007). This data structure may be modified to 
hold metadata for LandIS datasets and services, and adjusted if necessary to 
accommodate changes defined by UK Gemini 2. 
 
Once the data structure has been devised the original WOSSAC catalogue and 
LandIS metadata information can be converted to the new structure and held 
centrally in a relational database. Scripts will read the data from this structure and 
output the necessary XML files which can be uploaded into the LandIS ArcGIS 
Geodatabase for internal consultation as well as to the GIGateway for wider 
access. The development of a Catalogue Service for the Web (CSW) has been 
considered; however as the LandIS product base is relatively small, it is probably 
unnecessary to serve the metadata ourselves and we will rely on public servers 
such as GIGateway to disseminate our metadata and allow metadata provision to 
other meta-portals, such as that of the European Soil Bureau portal, and those of 
the Global Earth Observation System of Systems (GEOSS) (GEO, 2005). 
 
The descriptions and keywords used in LandIS metadata will use terms taken 
from the general multilingual environmental thesaurus (GEMET) to allow 
multilingual translation (EIONET, 2008). 
 
4.3 Organisational Challenges 
 
LandIS data are made available to users under licence; departments of the UK 
Central Government and bona fide researchers having royalty-free access. Other 
users access the data via a royalty charge. Most data within LandIS may be 
licensed for use within a company or an individual’s application. NSRI offers a 
data lease service whereby clients can obtain access to the data holdings. Data 
can be delivered either unprocessed or customised as required. A fixed pricing 
policy is being adopted for standard data products. 
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INSPIRE requires a common framework for data licensing (INSPIRE, 2002) 
which will establish common principles and guidelines for providing such 
licenses. For LandIS this will entail simplifying data licensing arrangements and 
developing processes such as the UK “Click Use” on-line licenses which make a 
distinction between a) personal use, b) commercial re-use for the internal 
business of a company; c) commercial re-use as a value added reseller (see 
www.opsi.gov.uk/click-use/). Any web-based services provided in the SSDI will 
be password-protected and only accessible to users with the appropriate 
licenses. 
 
LandIS includes applications with functionality allowing online rights-based 
procurement of certain data, information and services. Thus users in partner 
organisations may download free reports and data while other users will be able 
to purchase the same products. It is envisaged that a rights-managed SDI is 
essential for the successful incorporation of LandIS as a node within INSPIRE. 
As such the further process of procurement will be required as an extension of 
the ‘Publish Find Bind’ paradigm, thus ‘Publish Find Procure Bind’. Many of these 
issues are reflected in the reference model emerging from the OGC Geo Rights 
Management (GeoRM) working group (OGC, 2008). 
 
5 CONCLUDING REMARKS 
 
LandIS datasets are highly relevant to the scope of INSPIRE and related 
initiatives (SEIS, GEOSS). Users in the UK and Europe will expect data provision 
and descriptions to be consistent with the standards embodied by these 
agreements. Therefore, an important component of future LandIS work will be the 
transition of data to a standards-compliant interoperable resource. Technologies 
will be implemented to allow web-mapping service (WMS) and web feature 
service (WFS) provision of data using an ‘INSPIRE-compatible geo-portal’. 
WMS/WFS services reveal actual data using contemporary internet exchange 
standards, for instance in this way LandIS data will be served directly into 
compatible GIS systems. 
 
The management of metadata descriptions is also seen as a crucial step. 
Metadata schemas consistent with INSPIRE standards (EC, 2008a; ISO19115) 
will be completed and made available using discovery metadata services. 
 
LandIS already meets a number of the basic principles of INSPIRE. LandIS data 
was ‘collected once’ for multiple re-use. The datasets are held in a central 
reference system and the data is already made discoverable through several 
online metadata portals such as ‘GIGateway’. Although these approaches can be 
improved and developed, the benefits are already apparent from this approach. 
LandIS data are accessible for use under licence, and applications such as the 
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Soilscapes viewer and Soil Site Reporter make the information accessible to non-
GIS users. 
 
LandIS does not currently meet all the INSPIRE principles. The soil classification 
system adopted is unique to England and Wales. LandIS applications do not use 
standards-compliant web-based services such as that exemplified by the 
European Soil Bureau (ESB), which has developed a harmonised spatial soil 
database for Europe at 1:1,000,000 scale. This latter data resource is held and 
managed by the Land Management and Natural Hazards Unit at JRC Ispra and is 
made accessible via a Web Mapping Service. 
 
An important development for LandIS is an evaluation of the practicalities of 
creating a more detailed spatial coverage of soil data for Europe at 1:250,000 
scale. This can be used to derive multiple soil function maps and LandIS data 
can inform and contribute to this process. 
 
It is envisaged that such a harmonised soil database would not be held in one 
central location, but would benefit from the conception of the OGC web-based 
services to allow development of an SDI whereby each Member State holds and 
presents its own data, serving this to the wider Community user-base via 
centralised portals. This development will follow INSPIRE guidelines and in the 
UK this project would entail the translation of soil series from the UK 
Classification system to the international World Reference Base classification. 
 
By following the principles of INSPIRE the information held in LandIS will enable 
informed decisions to be made at local, national and European levels concerning 
the protection, productivity and functionality of the soil resource. 
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